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Impact energy absorption system for vehicles 

Abstract 

An impact energy absorption system for vehicles, comprising a cross member (16) housing a 
series of composite alveolar structures or buffers (10, 10A) which co-operate with an element 
(14) made of foamed plastic resin; the alveolar structure (10, 10A) is made of plastic resin 
preferably derived from polycarbonate and can feature a taper at at least one of the longitudinal 
ends where a containment element (22) can be provided. 
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1. Impact energy absorption system for vehicles, comprising a cross member (16), positioned 
between at least two side members or struts (18) of the vehicle chassis, housing a number of 
composite alveolar structures or buffers (10, 10A) assembled each with at least one element (14) 
in foamed plastic resin positioned inside a bumper (12) of the vehicle, in which said alveolar 
structure (10, 10A) is made of plastic resin derived from polycarbonate. 

2. Absorption system as in claim 1, characterised in that said alveolar structures (10, 10A) and 
said foamed plastic resin elements (14) are arranged, supported by said cross member (16), both 
corresponding to said struts (18) and in positions adjacent to them, preferably in positions near 
the longitudinal axis of said vehicles in order to limit deformation of said cross members (16) to 
elastic deformation and avoid possible deformation of the vehicle bodywork elements. 

3. Absorption system as in claim 1, characterised in that said foamed plastic resin elements (14) 
consist of a material that absorbs dynamic impact elastically and inelastically over a set 
temperature range, in particular foamed polypropylene. 

4. Absorption system as in claim 1, characterised in that each buffer (10, 10A) has a honeycomb 
structure and features a series of adjacent alveoli (20, 20A). 

5. Absorption system as in claim 1, characterised in that said foamed plastic resin element (14) 
deforms in a reversible manner as a result of low energy impact and is shaped to protect the 
bumper (12) from the intrusive action of the composite alveolar structures or buffers (10, 10A), 
resulting from low energy impact, and to absorb impact in a slanting direction with respect to the 
vehicle axis. 

6. Absorption system as in claim 1, characterised in that said alveolar structures (10, 10A) are 
extruded in plastic or injection-moulded in plastic. 

7. Absorption system as in claim 1, characterised in that said alveolar structure (10, 10A) 
features a tapered profile corresponding to at least one of its longitudinal ends. 

8. Absorption system as in claim 1, characterised in that said alveolar structure (10, 10A) is 
made of Xenoy.RTM. resin in order to ensure high ultimate elongation values and maintain the 
mechanical characteristics substantially stable over a set temperature range. 

9. Absorption system as in claim 1, characterised in that each alveolar structure (10, 10A) 
features at least one element (22) for containing or retaining the deformations covering at least 
one of the longitudinal ends. 

10. Absorption system as in claim 7, characterised in that said containment element (22) is made 
of high-resistance materials. 

11. Absorption system as in claim 7, characterised in that said containment element (22) is made 
integral with said alveolar structure (10, 10A). 

12. Absorption system as in claim 7, characterised in that said containment element (22) is 
obtained directly on the vehicle. 

Description 
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[0001] The present invention concerns an impact energy absorption system, in particular for 
motor vehicles. 

[0002] Different impact energy absorption systems for vehicles currently exist. 

[0003] Some systems use completely metallic cross members, generally made of steel, 
positioned between the vehicle chassis and the bumpers, while others use buffers, which are 
located between appropriate side members or struts of the chassis and the bumpers. 

[0004] In particular, as honeycombs are structures generally characterised by good impact 
absorption properties, they have been applied where it is necessary to reduce the effects of any 
impact on persons or means of locomotion (in particular to protect structural parts of motor 
vehicles). 

[0005] Some recent impact absorption systems feature a composite alveolar structure 
embedded in a foamed resin deformable element, which is positioned between a cross member 
fixed to a side member or strut of the vehicle chassis and the external bumper. 

[0006] The deformable element consists of the alveolar absorption structure and the foamed 
resin, while the honeycomb structure consists of a series of alveoli, joined together, in the shape 
of prisms with hexagonal section, made of aluminium and positioned corresponding to each 
chassis strut. 

[0007] Said known impact absorption systems have numerous limits and serious disadvantages, 
however. 

[0008] Firstly, for systems with completely metallic cross member, it is practically impossible to 
simultaneously comply with the different vehicle impact regulations specifically for relative speed 
values of 4 km/h (simulation of impact during parking) and 15 km/h; in this regard, it should be 
remembered, for example, that the impact test at 15 km/h is considered, in some countries, to 
be a reference for the definition of vehicle insurance premiums, in relation to assessment of the 
damage sustained in the tests. 

[0009] Furthermore, it should also be pointed out that, in the impact tests at 15 km/h, the 
impact occurs on the front and rear sides of the vehicles, on a portion equal to 40% of their 
width. 

[0010] Therefore, in absorption systems that feature the use of buffers corresponding only to 
the chassis struts, there can be permanent deformation of the metal cross members, near the 
longitudinal centre line axis of the vehicle, in the event of impact at a relative speed of at least 
15 km/h unless particularly reinforced cross members are used, which are consequently very 
heavy and expensive. These systems also have a poor capacity for absorbing impact in a slanting 
direction with respect to the longitudinal axis of the vehicle. 

[0011] In particular, since the alveolar structures or buffers are normally used only 
corresponding to the chassis struts, this means that, in the event of impact at 15 km/h, to 
contain the internal deformation of the deformable element and of the vehicle internal cross 
member (and, therefore, to avoid permanent deformation of the vehicle bodywork elements), the 
area of the resisting sections must be increased, with consequent increase in weight and total 
production costs. 

[0012] The object of the present invention is, therefore, to eliminate the above disadvantages, 
producing a high-efficiency impact energy absorption system for vehicles. 
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[0013] Another object of the present invention is to produce an impact energy absorption 
system for vehicles which simultaneously complies with the requirements of the various 
regulations, in particular in relation to impact at 4 km/h and 1 5 km/h, difficult to reconcile with 
the known products. 

[0014] Another object of the present invention is to produce a system that can withstand 
repeated impact at low speed (4 km/h) without requiring replacement of any of its components 
and the bumper. 

[0015] Another object of the present invention is to indicate an impact energy absorption 
system for vehicles that avoids permanent deformation of the cross members and bodywork 
elements of the vehicles in the event of impact at 15 km/h. 

[0016] A further object of the present invention is to indicate an impact energy absorption 
system for vehicles, in particular for motor vehicles, which is extremely efficient also for impact 
in a slanting direction with respect to the longitudinal axis of the vehicle. 

[0017] Last but not least, a further object of the invention is to produce an impact energy 
absorption system that is simpler and safer and also efficient and extremely reliable with respect 
to the known absorption systems. 

[0018] These and other objects, according to the present invention, are achieved by producing 
an impact energy absorption system for vehicles according to claim 1, which is here referred to 
for the sake of brevity. 

[0019] Advantageously, the system subject of the present invention has more limited overall 
dimensions and is considerably cheaper and lighter than the traditional systems, while offering 
the same level of performance. 

[0020] With the same overall dimensions and weight, in addition to production costs, the 
absorption system according to the present invention offers much better performance in terms 
of ultimate strength, stability of mechanical characteristics over a wide temperature range, 
greater efficiency during impact and ease of use. 

[0021] The characteristics and advantages of an impact energy absorption system for vehicles 
according to the present invention will become clearer from the following description intended as 
a non-restrictive example, referring to the attached schematic drawings in which: 

[0022] FIG. 1 is a perspective view, partially in section, of a first form of embodiment of an 
impact energy absorption system for vehicles, according to the present invention; 

[0023] FIG. 2 is a partially enlarged and partially sectioned view of FIG. 1; 

[0024] FIG. 3 is a partially exploded view of a second form of embodiment of an impact energy 
absorption system for vehicles according to the present invention; 

[0025] FIG. 4 is a partially sectioned view of the system as per FIG. 3 in assembled form. 

[0026] With reference to the figures mentioned, an impact energy absorption system for vehicles 
comprises a cross member 16 which houses a series of composite alveolar structures (in plastic 
resin honeycomb) or buffers, indicated by 10 and 10A, each assembled with a shaped element 14 
in foamed plastic resin, preferably foamed polypropylene. 
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[0027] The element 14 can completely or only partially cover the buffers 10 and 10A and is 
shaped in order to protect the bumper 12 from the intrusive action of the composite alveolar 
structures or buffers 10, 10A resulting from low energy impact, and to absorb impact in a 
slanting direction with respect to the vehicle axis. 

[0028] As a guide, the greatest efficiency in terms of dynamic impact absorption is obtained for 
materials and systems in which 40% of the energy is absorbed elastically and the remaining 60% 
inelastically. 

[0029] Furthermore, it is fundamentally important that this type of impact response remains 
practically constant over a sufficiently wide temperature range. 

[0030] Foamed polypropylene has these dynamic impact response characteristics and is 
therefore particularly suitable for use as a material constituting the shaped element 14. 

[0031] Each alveolar structure 10, 10A features a series of alveoli, indicated by 20, 20A 
respectively, adjacent to each other, while the element 14 is shaped in order to adapt to the 
overall dimensions of the adjacent structures (for example, in the case of motor vehicles, it will 
feature recesses and housings for the headlights, indicators and other vehicle accessories). 

[0032] A function of the foamed resin 14 is to absorb, in a partially elastic manner, low energy 
impact (for example impact at 4 km/h) in order to limit or prevent permanent deformation of the 
buffers 10, 10A. 

[0033] Another function is to prevent, following impact, smashing of the bumpers indicated by 12 
in FIGS. 1 and 2, due to the effect of the most rigid system components, i.e. the alveolar 
structures 10, 10A. 

[0034] A further function of the foamed resin 14 is to permit the absorption of impact in a 
slanting direction with respect to the longitudinal axis of the vehicles. 

[0035] The honeycomb structure 10, 10A, which is characterised by good impact absorption 
properties, as is known, can be produced in the following types: extruded in plastic or injection- 
moulded in plastic. 

[0036] In particular, the structure indicated by 10 in FIGS. 1 and 2 can refer to a plastic 
extruded honeycomb; honeycombs extruded in plastic, preferably polycarbonate, consist basically 
of a series of extruded tubes, subsequently glued or welded together to form the alveolar 
structure; since their walls are relatively thin, they work well for average specific compression. 

[0037] The structure indicated by 10A in FIGS. 3 and 4 refers to a plastic injection-moulded 
honeycomb. 

[0038] In particular, the honeycomb 10A, as can be clearly seen in FIG. 4, features a taper at at 
least one of its longitudinal ends in order to reduce the peak value of the energy absorbed which, 
in general, decreases as the taper narrows; furthermore, the plastic preferably used is a plastic 
resin derived from polycarbonate (in this regard, the Xenoy.RTM. resin by General Electric can 
be used, for example) or rubber-filled polypropylene. The Xenoy.RTM. resin is characterised by 
the fact that it has a high ultimate elongation value and maintains its mechanical characteristics 
basically stable over a wide temperature range (from -40.degree. C. to +80.degree. C.). 

[0039] The high ultimate -elongation value of said resins means that injection-moulded 
honeycombs 10A can be obtained offering greater efficiency than the known injection-moulded 
honeycombs; in fact, during impact, the internal walls of the honeycombs 10A do not collapse 
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and therefore effectively absorb the impact energy, transforming it into deformation energy. 

[0040] On the other hand, it should be remembered that the outer walls of these honeycomb 
structures 10A undergo a very high level of deformation, breaking very soon. In order to further 
increase their efficiency, therefore, according to the invention, special elements are preferably 
adopted, indicated by 22 in FIGS. 3 and 4, for containing or retaining the deformations which, in 
the event of absorption of impact energy between motor vehicles, are positioned inside 
appropriate housings 24 made in the element 14 and kept in position by stops and retainers 26. 

[0041] The elements 22 are sized in order to withstand considerable stress, due both to the 
impact and consequent lateral thrust caused by deformation of the outer walls of the alveolar 
structure 10A; this results in total prevention of deformation exceeding the breaking limits of the 
material, also corresponding to the outer walls which, as they do not collapse or explode, 
continue to absorb impact energy, transforming it into deformation energy. 

[0042] The containment elements 22 can be made of high resistance material, for example steel. 

[0043] The effect of these elements 22 on the overall weight of the absorption system is modest 
as their volume is well below the overall volume of the system and therefore even if materials 
with a high specific weight are used, such as steel, the overall weight of the system is in any 
case less than the traditional absorption systems. 

[0044] Finally, the containment elements 22 do not necessarily have to be made integral, by 
means of glue or welding, with the alveolar structures 10, 10A and can be obtained directly on 
the vehicle. 

[0045] The impact energy absorption system for vehicles, according to the invention, can also 
comprise at least one metal cross member 16 positioned between the side members or struts 18 
of the vehicle chassis and the composite buffers 10, 10A. 

[0046] As clearly shown in FIG. 1, thanks to the presence of the cross member 16, the 
composite buffers 10, 10A can be positioned both corresponding to the struts 18 and adjacent to 
them; in this case, the possibility of positioning two or more buffers 10, 10A not only 
corresponding to the struts 18 but also in positions near the longitudinal axis of the vehicles 
limits deformation of the cross members 1 6 to elastic (i.e. non-permanent) deformation also in 
the event of impact occurring between two or more vehicles at relative speed values of around 
15 km/h and for cross members 16 that are substantially lightweight compared to those used 
traditionally in the known absorption systems. 

[0047] From the description provided, the characteristics of the impact energy absorption 
system for vehicles, according to the present invention, are clear and likewise the advantages 
thereof. 

[0048] In particular, said advantages are as follows: 

[0049] possibility of designing systems (consisting of elastic buffer, plastic buffer, cross member) 
valid for a number of motor vehicle versions, in relation to the shape of their bodywork, their 
weight and the impact regulations with which they are required to comply; 

[0050] easy to simultaneously comply with the various impact regulations at various speeds; 

[0051] possibility of obtaining elastic and therefore non-permanent deformation of the metal 
cross members positioned between the struts of the vehicle chassis in the event of impact at 
relative speeds of around 15 km/h; 
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[0052] high absorption capacity for impact in a slanting direction with respect to the longitudinal 
axis of the vehicles; 

[0053] limited weight and overall dimensions; 

[0054] simultaneous possibility of limiting deformation of the metal cross member of the vehicle 
to a restricted space in order to prevent possible deformation of the vehicle bodywork elements; 



[0055] limited costs as a result of the advantages achieved. 

[0056] Finally, it is clear that further modifications and variations can be made to the impact 
energy absorption system for vehicles while remaining within the scope of the inventive idea; 
likewise it is clear that the materials and dimensions illustrated can be varied according to 
technical requirements. 
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